1. Introduction
===============

Congenital hypothyroidism (CH) is known as one of the most common preventable causes of mental retardation ([@b1-epj-10-6286]), and also considered a major preventable and detectable cause of mental retardation with early and simple treatment ([@b2-epj-10-6286]). CH is caused by dysfunction of the hypothalamus-pituitary- thyroid axis ([@b1-epj-10-6286]) and lack of thyroid hormones at birth in newborns ([@b3-epj-10-6286]). Thyroid hormones have an invaluable role in maintaining mental development in children ([@b4-epj-10-6286]). Most infants with CH at birth often have a normal appearance and non-specific clinical symptoms and signs. Thus, if diagnosis is made based only on clinical symptoms, newborns will suffer from irreversible complications such as neurological damage ([@b5-epj-10-6286]), slow growth, delayed skeletal maturation ([@b3-epj-10-6286], [@b4-epj-10-6286]), and mental retardation ([@b4-epj-10-6286]). Therefore, screening programs which were developed in the early 1970's and accepted by many countries worldwide ([@b6-epj-10-6286]), are the only effective way to diagnose and treat CH. In this regard, a screening program for CH was carried out in Iran in 1987 ([@b8-epj-10-6286]). Currently, screening programs are used in developed and developing countries ([@b7-epj-10-6286]) by measuring Thyroid-Stimulating Hormone (TSH) and thyroxin (T4) ([@b3-epj-10-6286]) through cord blood and heel blood samples ([@b5-epj-10-6286]). Diagnosis and timely treatment of CH, significantly reduces mental disability and irreversible neurological damage ([@b2-epj-10-6286]). The prevalence of CH is reported in different regions, as in Turkey 1:2736, in Pakistan 1:781, in Black America 1:10,000([@b9-epj-10-6286]) and in Nigeria 1:67.1 ([@b10-epj-10-6286]). Moreover, the average incidence of CH worldwide is estimated at around 1 in 3000--4000 live births, which is higher than the average incidence of hypothyroidism in the world ([@b11-epj-10-6286]). There are some variations in different areas of Iran such as Tehran and Isfahan which found the average prevalence of CH at 1:914 and 1:338 live birth, respectively ([@b11-epj-10-6286]). Several studies have investigated different prognostic factors of CH ([@b12-epj-10-6286], [@b13-epj-10-6286]), that indicates the influence of several genetic and environmental factors on the incidence of this disease ([@b12-epj-10-6286]). More practically, it could be helpful to have a higher index of suspicion for CH in neonates with the identified risk factors. However, to date, no study has been conducted in Sistan and Baluchestan province for exploring probable causes related to hypothyroidism. On the other hand, due to the high prevalence of CH in Zahedan as the capital of the province, the aim of this study was to determine related factors with CH in Sistan and Baluchestan as the widest and poorest region in Iran.

2. Material and Methods
=======================

This case-control study was conducted in Zahedan in southeast Iran in 2016, based on the available data in the medical records of neonates who had undergone a CH screening program in a public health center. The study population were children under one-year old who were born in Zahedan between March 1, 2015 and March 19, 2016, and had undergone a CH screening program. The neonates who had incomplete medical records in the local health centers were excluded from the study. In the screening program, blood samples had already been taken from all neonates' heel in order to detect hypothyroidism in early neonatal period. According to the guidelines of the Ministry of Health and Medical Education in Iran, levels of thyroid-stimulating hormone (TSH) \>10 mU/L and a T4 level \<6.5 mg/dL allow the diagnosis of CH. In addition, infants with a TSH level ≥20 mU/L were referred to a specialist for specific surveillance ([@b14-epj-10-6286]). The neonates with CH were considered as cases. On the other hand, infants who had TSH levels \< 5 mU/L, obtained using the method outlined above or an intravenous test of TSH with results of 1.7 to 9.9 mU/L and a T4 level of 6.5 to 16.3, were considered normal ([@b14-epj-10-6286]). To increase the power of the study, more than one control was selected per case and for each case, three neonates with normal TSH and T4 titers were randomly selected as control from the same health centers. Thus, several blocks were randomly selected in the health centers and from the same blocks several household records were randomly selected for the controls. Accordingly, the cases were frequency matched with the associated controls based on sex, age at birth and place of residence. Therefore, the study cases and controls were selected based on census and simple randomization methods, respectively. We investigated the effect of potential risk factors on congenital hypothyroidism. The available data were extracted directly from the neonates' medical records using a standard checklist including demographic characteristics of neonates such as sex, weight at birth, height at birth, nationality, the place of residence, the birth season and age of the neonate at the time of sampling, and parents' demographic characteristics such as type of delivery, age of mother, and consanguinity parents. The data were analyzed with statistical tests, such as Chi-square and Fisher exact test using IBM© SPSS© Statistics version 20 (IBM© Corp., Armonk, NY, USA). A binary analysis was used to describe the association between independent and dependent variables. A multivariable logistic regression analysis identified determinants of CH at 95% CI and p \<0.05. The final model was fitted using the Adjusted x^2^ Goodness of Fit test. According no extra intervention was performed for these samples and; therefore, there was no ethical issue in the data gathering. Moreover, the Ethics Committee of Zahedan University of Medical Sciences approved this study (ref. no.: 7927).

3. Results
==========

This study was carried out on the 160 children with or without a history of CH (40 with CH and 120 with no history of hypothyroidism). According to results, 25 of 40 patients (62.5%) were male that the proportion was higher in males than females. The demographic variables are shown in [Table 1](#t1-epj-10-6286){ref-type="table"}. Crude and adjusted odds ratios were computed for each explanatory variable to determine the strength of association and control confounders. To assess the association between the different factors and CH, bivariate analysis was done. All independent variables with p\< 0.2 were taken as a cut-off point to select variables for the multiple logistic regression models. Then, variables with p\< 0.05 were used to fit the final multivariate logistic regression model. The unadjusted and adjusted odds ratios together with their 95% confidence intervals were computed. According to the univariate logistic regression analysis, there was no significant association between a history of parental consanguinity and CH (p=0.09); however, odds ratio (OR) of CH in infants who were born to consanguineous parents was 1.86 times greater than others \[COR: 1.86, 95% CI: 0.89--3.89). The probability of CH occurrence was 2 times higher in low height neonates than that of normal or high height neonates (COR: 2, 95% CI: 0.96--4.14); however, there was no significant association (p=0.06). Also, there was no significant difference between the occurrence of CH and weight at birth either (p=0.65).However, the OR estimate of CH was 1.46 times in neonates with lower weight than 2500 gr compared to neonates with normal weight (2500--3500) (COR: 1.46, 95% CI: 0.51--4.19). The probability of CH occurrence was 2.88 times higher than the neonates who were born from mothers younger than 18 years compared to the neonates who were born with mothers of normal age (18--35) years (COR: 2.88, 95% CI: 0.72--11.53); however, there was no significant association (p=0.25). Moreover, the probability of CH occurrence was 1.47 times higher than the neonates who were born from mothers older than 35 years compared to the neonates who were born with mothers of normal age (18--35) years (COR: 1.47, 95% CI: 0.64--3.36); however, there was no significant association (p=0.25). On the other hand, there was no statistical association between CH and type of delivery, time of screening, nationality, and birth season (p\>0.05) ([Table 1](#t1-epj-10-6286){ref-type="table"}). According to results, multivariate logistic regressions analysis showed no significant association between the studied factors and risk of CH among the children (p\>0.05). However, OR of CH in neonates who were born from consanguineous parents were 1.78 times greater than neonates who were born from parents without consanguinity (AOR: 1.78, 95% CI: 0.82--3.89). The probability of CH occurrence was 1.82 times higher in the low height neonates than those with normal or high height (AOR: 1.82, 95% CI: 0.85--3.91). The probability of CH occurrence was 2.43 times higher than the neonates who were born from younger mothers compared with others (18--35) years (AOR: 2.43, 95% CI: 0.57--10.29). [Table 2](#t2-epj-10-6286){ref-type="table"} shows the results of multivariate (adjusted) logistic regression analysis of the effects of neonates' characteristics on CH.

4. Discussion
=============

Several studies have investigated different prognostic factors on CH ([@b12-epj-10-6286], [@b13-epj-10-6286]). Identification of risk factors for this condition can improve diagnosis or treatment plan of these neonates. The study results showed that boys were at higher risk of CH than girls. Anastasovska et al. concluded that the risk of CH was higher among boys ([@b15-epj-10-6286]). Many reports have indicated that CH is frequently found in girls ([@b16-epj-10-6286], [@b17-epj-10-6286]). Medda et al. conducted a case-control study in order to determine risk factors for CH, and reported higher prevalence of CH among females than males ([@b16-epj-10-6286]). Akha et al. reported that the female/male ratio of CH was approximately 1.0 ([@b10-epj-10-6286]). The difference may be due to the role of sex hormones in relation to this disease that probably provides proper background to incidence of the autoimmune disease, and to supply necessary antigens for the disease as well as to create apoptosis in follicle cells of the thyroid ([@b18-epj-10-6286]). Due to the matching individuals in this study, the relationship between gender and CH cannot be measured. However, boys were at higher risk of CH than girls. But it is still unknown, and these observations require more epidemiological studies. The present study showed no significant association between CH and type of delivery. In this study, among 40 patients with CH, 28% (12 cases) and 23.5% (28 cases) were delivered by NVD and cesarean, respectively. Esmailnasab et al. showed no relationship between type of delivery and CH ([@b12-epj-10-6286]), while Rezaeian et al. and Khalafi et al. reported an inverse relationship between type of delivery and CH. They indicated that neonates delivered by cesarean have higher risk of CH than neonates delivered by NVD ([@b19-epj-10-6286], [@b20-epj-10-6286]). Some researchers believe that cesarean can increase TSH levels ([@b13-epj-10-6286]). Although in the present study, there was no significant association between CH and history of parental consanguinity; however, neonates who were born of parents in a consanguineous marriage were at higher risk of CH compared to others. Previous literature shows that children of Asian families are at higher risk of CH than other ethnicities ([@b21-epj-10-6286]). It is unclear why the Asian population have a higher risk of CH; it is may be because of consanguineous marriages in this areas ([@b22-epj-10-6286]). The results in another study, also showed no significant relationship between parental consanguinity and CH ([@b23-epj-10-6286]). In contrast, many other studies such as the study conducted in Shadegan, Iran reported that relationships were found between CH and parental consanguinity ([@b24-epj-10-6286]). Hence, hypothyroidism is sporadic and in the occurrence of genetic mutations, genetic factors have little role in its development ([@b24-epj-10-6286]). Due to the lack of iodine deficiency in Iran ([@b25-epj-10-6286]) and the declaration of Iran as a country free of iodine deficiency, it can be concluded that genetic and familial factors have more prominent role than environmental factors such as iodine deficiency ([@b12-epj-10-6286]).

According to our findings, the neonates who were born from younger mothers were at higher risk of CH. Abedi et al. and Keshavarzian et al. reported that there was no relationship between age of mother and CH ([@b11-epj-10-6286], [@b24-epj-10-6286]). However, the results in another study showed a significant relationship between age of mother and CH ([@b19-epj-10-6286]). Harris et al. concluded that neonates who were born from mothers aged 40 years and older have a higher risk of CH than younger mothers ([@b21-epj-10-6286]). A maternal age under 35 years has been identified as a risk factor in some studies ([@b8-epj-10-6286]). The results of the present study indicated that the probability of CH in low-birth height infants is two-fold greater than normal or high height infants. In this regard, Dalili et al. reported that there was no relationship between height and weight at birth and CH ([@b26-epj-10-6286]). Eftekhari et al. and Abedi et al. reported an inverse relationship between height and weight at birth with CH ([@b11-epj-10-6286], [@b27-epj-10-6286]). Weight and height at birth in neonates are dependent on many factors, such as lack of access to accurate nutritional information, pre-pregnancy status and overlapping with other diseases ([@b28-epj-10-6286]).

Our findings showed that there was no association between birth season and CH; however, the neonates who were born in the summer were at higher risk of hypothyroidism compared to those who were born in spring. The results regarding seasonal relationships were consistent with previous literature such as that of Pearce et al. in northern England ([@b29-epj-10-6286]) Dalili et al. ([@b13-epj-10-6286]), Keshavarzian et al ([@b24-epj-10-6286]) and Hashemipour et al. ([@b30-epj-10-6286]) in Iran, while some studies have shown a seasonal variation in the incidence of CH such as Gu et al. ([@b31-epj-10-6286]) in Japan, Ordookhani et al. ([@b32-epj-10-6286]) and Rezaeian et al. ([@b19-epj-10-6286]) in Iran. Environmental conditions such as increasing airborne exposures or seasonal dietary changes that could provide a justification, may be reasons of this controversy. It is concluded that differences in climate, viral infections or chemical exposures are important in the differences. Hashemipour et al. found that maximum incidence of CH was found in July and August. ([@b30-epj-10-6286]). While Rezaeian et al. reported higher incidence of CH in winter ([@b19-epj-10-6286]). Our findings showed that CH had no association with time of sampling. However, Mohammadi et al. reported a significant correlation between time of sampling and CH ([@b33-epj-10-6286]). In most countries, low cooperation of people was indicated as screening weakness because screening should done in 72 hours after child birth ([@b34-epj-10-6286]). According to our findings, there was no correlation between nationality and CH. Regarding the study limitation, the number of participants with hypothyroidism was very low and access to patient records and incomplete information was another limitation of the study.

5. Conclusions
==============

In general, although the studied variables did not have any statistical association with CH, they have an important role in the disease. It is recommended that thyroid screening programs should be followed seriously. Also, more comprehensive studies are needed to be carried out for recognizing related factors on the incidence of congenital hypothyroidism. Since consanguineous marriages are frequent in the province, and it may be a major contributory factor, future studies should be conducted on the genetic causes.
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###### 

Analysis of univariate (unadjusted) logistic regression by the characteristics of all neonates with (case) or without (control) CH

  Variable                             Case         Control   Crude OR (95% CI)   p-value                                            
  ------------------------------------ ------------ --------- ------------------- --------- -------------------- ------------------- ------
  Type of delivery                     Normal       28        23.5                91        76.5                 Ref.                0.56
  Caesarean                            12           28        31                  72        1.26 (0.57--2.77)                        
  History of consanguineous marriage   Yes          26        30                  61        70                   1.86 (0.89--3.89)   0.09
  No                                   14           18.7      61                  81.3      Ref.                                     
  Height at birth (cm)                 \<50         21        31.8                45        68.2                 2 (0.96--4.14)      0.06
  ≥50                                  18           19        77                  81        Ref.                                     
  Weight at birth (gr)                 2500--3500   29        24                  92        76                   Ref.                0.65
  \<2500                               6            31.6      13                  68.4      1.46 (0.51--4.19)                        
  \>3500                               4            19        17                  81        0.75 (0.23--2.39)                        
  Age of mother (years)                18--35       25        21.7                90        78.3                 Ref.                0.25
  \<18                                 4            44.4      5                   55.6      2.88 (0.72--11.53)                       
  \>35                                 11           29        27                  71        1.47 (0.64--3.36)                        
  Sampling time (days)                 3--5         17        25.4                50        74.6                 Ref.                0.81
  \>5                                  23           27.1      62                  72.9      1.09 (0.53--2.26)                        
  Nationality                          Iranian      39        24.5                120       75.5                 0.65 (0.06--7.36)   1.00
  Afghani                              1            23.3      2                   66.7      Ref.                                     
  Birth season                         Spring       15        39.5                23        60.5                 Ref.                0.09
  Summer                               8            18.6      35                  81.4      0.35 (0.13--0.95)                        
  Fall                                 10           18.5      44                  81.5      0.34 (0.13--0.89)                        
  Winter                               7            25.9      20                  74.1      0.53 (0.18--1.58)                        

###### 

Results of multivariate (adjusted) logistic regression analysis of the effects of neonates' characteristics on CH

  Variable                             Adjusted OR   95% CI        
  ------------------------------------ ------------- ------------- ------------
  History of consanguineous marriage   Yes           Ref.          \-
  No                                   1.78          0.82--3.89    
  Height at birth (cm)                 \<50          1.82          0.85--3.91
  ≥50                                  Ref.          \-            
  Age of mother (years)                18--35        Ref.          \-
  \<18                                 2.43          0.57--10.29   
  \>35                                 1.31          0.53--3.17    
  Birth season                         Spring        Ref.          \-
  Summer                               1.76          0.57--5.44    
  Fall                                 0.74          0.22--2.43    
  Winter                               0.69          0.22--2.15    
